To overcome shortcomings such as complicated and time consuming existed in methods for measurement of soil suction, a new, simple and quick method for prediction of soil suction is suggested.
INTRODUCTION
The determination of value of soil suction of unsaturated soils is of very importance in analysis and design of various earth works and foundation engineering. However, the measurement of soil suction in laboratories and engineering fields is quite complicated and time consuming. It is urgent to develop new, simple and quick methods and techniques for prediction of soil suction.
The methods for predicting soil suction of unsaturated soils now available are all based on the measurement of changes in suction with variation in degree of saturation, i.e., by setting up a mathematical model for the water retention curve or Soil Water Characteristic Curve (SWCC) [1] . It is the measurement of suction during wetting and/drying process resulted in the complexity and time consuming for the methods. For emergence cases such as field or online predictions of soil suction in dams and embankments, it is not of high efficiency by measuring degree of saturation even the Soil Water Characteristic Curve (SWCC) was obtained head of time.
The application of image processing techniques have been making great impact on the tests and measurements in geomechanics and geotechnical engineering as the techniques do not need much for installation of measuring elements or parts, and hence make test and measurement more easier, quicker and inexpensive. Colored image procession and color recognition have been used in estimation of soil moisture or outcome in microscope lands all over the world for several decades. The use of soil and/or rock image processing and color recognition in labs and fields in geotechnical engineering has been increasingly reported in recent years.
Changes in all three phases including solid, liquid and gaseous phase of a soil can affect the appearance and properties of the soil, including soil color. Inversely, by recording and examining the changes in soil color, the corresponding variation in soil properties may be predicted and analyzed. In this paper, some basic ideas and principles of a new method for predicting the matric suction of unsaturated soils with soil color recognition is presented.
FACTORS INFLUENCING SOIL COLOR
Soils are of various colors, and different soils are of different colors. According to the knowledge in soil physics and soil chemistry, the difference in soil color is resulted by mainly the difference in the types and the amount of minerals that constitute the solid phase of soils. The soil color is one of the most obvious physical properties of soils. In many cases, the color of a soil is an index of the environment that the soil was formed and an indication of the physical and mechanical properties of the soil.
It is form daily observation that one can easily find and understand that for a soil with a definite solid phase, i.e. unchangeable minerals within the soil, the color of soil changes with the variation of the water content or moisture. This is because that the value of the color is affected by the mount and state of the water within soil mass.
Of course, the soil color is also influenced by other factors such as temperature, the brightness of light of the environment that the soil. However, under controlled environment, the slight influences of changes in temperature and brightness on soil color could be reckoned and/or diminished.
It is noticed from observation that the amount of water or water content in a soil can only influence the color in unsaturated state. For a saturated soil, the extra amount of water that exceeds the mount for initial saturation cannot make changes in soil color. The investigation of this issue may be very strange as there have been few researches on this phenomenon in unsaturated soil mechanics and is out of the scope of this paper.
To the problem of prediction of soil suction, the influence of water content on soil color is only defined with the scope of unsaturated state of a soil and described in term of degree of saturation of the soil.
RELATION BETWEEN SOIL COLOR AND DEGREE OF SATURATION
The color of a soil is mainly determined by the minerals within the soil, but the color can also be influenced by the structure of water and gases with in the soil. It is why that the change in moisture of soil can make the change in soil color.
Early researches in 1960s revealed that the color of a soil get much deeper as the reflectivity of the soil decreases and the value of Munsell of soil color decreases with the increase of water content. he relation between soil color and water content by examining the difference in wave length of dry and wet soil samples was investigated by Bhadra and Bhavanarayana (1997) [2] . However, the research works have been mostly concern with dryness of the large ranged lands or macro scoped earths for plant growth, and the regional circulation of ground and surface water, few investigations have been made directly to the relations of soil color and water content. Therefore, the understanding of the relationship between soil color and water content in a sense of soil mechanics is at its initial stage and far from enough to be mature.
In recent years, some good results have been achieved in stain and tracing techniques in analysis of the influences of preferential flow and cultivation state on water flows in soil mass.
The relationship between contents of coloring agents and the color pixels of three primary colors, i.e. red (R), blue (B) and green (G), have been investigated by using image processing techniques, as in the works reported by Ma [3] and Li, et al. [4] . But, there few works have been made in research of the relationships of soil moisture and components of soil color.
The staining methods for determining soil moisture used in agriculture science are not suitable in field measurement in geotechnical engineering as it is not applicable to make staining in huge engineering projects, but it may be of referential value for laboratory tests.
Therefore, for a soil with definite minerals, soil color changes with moisture content of the soil. By measuring the color and water content simultaneously, a curve for describing the relationship of the variation of soil color C with degree of saturation Sr can be produced. For convenience, this curve is defined as Soil Color Characteristic Curve (SCCC) as shown in the lower part of Fig. 1(a) .
RELATION BETWEEN SUCTION AND DEGREE OF SATURATION
For an unsaturated soil, its suction Su Changes with the degree of saturation Sr. The mathematical model for Soil Water Characteristic Curve (SWCC), as shown in the upper part of Fig. 1(a) , is different according to the type of the soil. The measurement can be influenced by many factors such as soil plasticity, stress history, void ratio, type and amount of minerals. Therefore, it is very important to select a suitable mathematical model of SWCC for a soil according to its features.
The mathematical model of SWCC was firstly suggested by Gardner (1922) in which only void ratio was considered as the influential factor [1] . Books and Corey (1964) suggested a form of power function for SWCC, and Williams et al. (1983) presented a linear form for SWCC [1] , while Frelund and Xing (1994) suggested a new model based on a function of distribution of the pore sizes [5] .
In recent years, there have been several new progresses in describing SWCC both in China and other countries. The progresses in prediction of soil suction with water content based on SWCC have been made it more possible and easier to prediction soil suction via soil color.
PRINCIPLE AND PROCEDURE
The main procedure for making prediction of soil suction with color recognition are of three steps.
Firstly, in order to clarify the concepts of the relationship between soil color and water content for an unsaturated soil, the information of the feature of soil color is represented by three primary colors and their function. The function of soil color is defined as in Equation (1):
Where, R, G and B represent the values of three primary colors R, G, B, and C is the color function of a soil that contains a definite solid phase.
Secondly, by mimicking of the definition of soil water characteristic curve, the curve for describing the relationship of the function of soil color and degree of saturation of an unsaturated soil is called Soil Color Characteristic Curve (SCCC).
Initially saturated soil samples are dried gradually with a microwave oven. During drying process, colored photographs are taken with a digital camera at different time laps and the values of water content of the soil samples are measured simultaneously. The digital information, i.e. the color values of R, G, and B for the three primary colors RGB of the colored photographs of the soil samples is obtained with digital image recognition technique on MATLAB software platform, and the function of color is simply defined as the algebraic sum of the values of three primary colors, i.e. A curve for the color function C changes with degree of saturation S r is then produced by processing the data of the function of color C and water content of soil samples, which presents the changing rule of soil color with saturation during drying process, i.e. the soil color characteristic curve (SCCC) as shown in Figure 1 .
Thirdly, by combining the two curves of SWCC and SCCC with intermediate variable of degree of saturation of soil, a new curve connecting the suction and soil color is generated as shown in Figure 1 , and named as Soil Color-Suction Curve (SCSC).
A CASE STUDY
In the initial stage of the research program, totally two types of soils, a sand and a silt, were tested in both wetting and drying processes and the Soil Color-Suction Curves for the two soil were obtained successfully [6] .
In Figure 2 , shows a measured data for of SCCC in drying process for the unsaturated silt with initial void ratio e=0.73 and the curve is fitted with inverse trigonometric function.
The corresponding curve of SCSC is shown in Figure 3 . With using of the soil color vs. soil suction curve SCSC, the soil suction can be in easily and quickly predicted by taking and processing digital colored photographs, without taking soil samples and measuring degree of saturation. 
CONCLUSIONS
The color of a soil with definite solid phase, which contains definite minerals, varies with water content or degree of saturation. The relationship of soil color changes with degree of saturation is defined as a soil color characteristic curve (SCCC), which can be measured with a digital camera during the process of changing in soil moisture.
By combining the relationship of soil color characteristic curve (SCCC) and soil water characteristic curve (SWCC) with degree of saturation S r as the intermediate variable, the relationship of soil color and soil suction can be setup, and the curve for describing this relationship is called Soil Color vs. Suction Curve (SCSC). Once the soil color vs. suction curve is obtained ahead of time, the soil suction of an unsaturated soil of definite degree of saturation can be predicted by taking colored image on surface of soil sample and by application of color recognition techniques, without measurement of the degree of saturation. It means that the prediction of soil suction is simpler and quicker, and more economical in both time and cost, than methods available at present.
